Modal parameters such as natural frequencies, mode shapes, and damping ratios are widely used as damage indicators in the field of vibration-based damage detection. These modal parameters can be easily obtained by conducting the modal test on the actual structure or from the finite element model. However, many publications are focusing only on the relationship between the modal parameters and the changes in structural properties for damage detection. There are a limited number of publications discussing on the factors that may affect the modal parameters for damage detection. Hence, this paper provides a study on the level of influence of several factors on the natural frequencies of a prestressed concrete panel. The factors that are considered in this study are the size of element used in the numerical model, the dimension of the structural element, and the prestressing force applied in the prestressed concrete panel. The natural frequencies computed from the finite element model are also verified with the actual measured natural frequencies that are determined through the modal test conducted in the laboratory.
1.0 INTRODUCTION
Modal parameters such as frequency response function, natural frequencies, damping ratios, and mode shapes are commonly used for the purpose of structural damage detection. Modal parameters are also known as structural dynamic properties. Many researchers have demonstrated that the changes in natural frequencies, mode shapes and/or damping ratios have been correlated with structural damages [1] [2] [3] [4] [5] . Hence, by assessing the dynamic properties of a structure from the vibration response, damage occurrence and its location can be identified. The damage severity information may also be determined using the appropriate damage assessment method.
The dynamic properties are determined from the experimental modal test conducted on the structures. In the experimental modal testing, a dynamic signal analyser is used to record the input excitation and output response simultaneously. The modal parameters of interest could be extracted from the output responses of the experimental modal testing. The modal parameters are essential for damage detection procedures to assess if the structure under consideration has damaged, or if there are differences in damage levels or locations.
One of the early studies involving modal identification of a prestressed element is done by Allbright et al. [6] . The authors demonstrated the use of modal testing to determine the modal parameters of a damaged prestressed concrete beam. Chan et al. [7] conducted a modal test for a field measurement to determine the modal parameters for verification of the moving force identification study in a prestressed concrete bridge. In the proposed method, the authors computed the natural frequencies of the bridge by converting the forces identified in time domain to frequency domain. Another study that applied modal test to verify the modal parameters was done by Miyamoto et al. [8] . The authors studied the effect of the prestressing technique using external tendons on the flexural vibration characteristics of a composite girder to the modal parameters. Next, Ren et al. [9] compared modal parameters for both experimental modal and analytical modal analysis of a steel girder arch bridge. In the study, experimental modal analysis was conducted with ambient vibration testing while a three-dimensional finite element model was used for analytical modal analysis. Other than that, an investigation was done by Unger et al. [10] on the changes of modal parameters in a gradually damaged prestressed concrete beam. Although the natural frequencies of the prestressed concrete beam reduced with the increasing load, the differences in frequencies and mode shapes were small as cracks closed again due to prestressing force. After the yielding point of the reinforcement, the modal parameters were more apparent than before the yielding had occurred.
In addition to that, Chung and Kim [11] identified the dynamic properties of spliced and monolithic prestressed concrete box railway girders using a modal test. The results were compared with three-dimensional finite element models. Similarly, in the recent study, He et al. [12] conducted the modal tests to study the dynamic properties of a three-span continuous prestressed concrete box girder bridge. The bridge was skewed at 45. The experimental results were compared with those determined from analytical modal analyses. Maas et al. [8] studied on several experimental dynamic testing methods with different damage indicators for prestressed elements such as beams and slabs. The frequencies, damping, and mode shapes were used as damage indicators.
Previous studies involving prestressed elements were carried out using the modal parameters mainly for the purpose of damage detection. Most of the previous studies concentrated on correlating modal parameters to the changes in structural condition for both laboratory models and actual structures. On the other hand, a limited number of studies addressed the factors affecting the modal parameters for damage detection [14] [15] . Lin et al. [16] investigated the effect of varying temperature to the modal parameters of prestressed beams and bridge. Lu and Law [17] conducted a study to determine the prestress force in a prestressed concrete bridge deck. The simply supported bridge deck was modelled as a continuous Euler-Bernoulli beam in the numerical model. The prestress force was modelled as an externally applied axial load. In the study, the modal tests were employed to validate the results from the numerical simulations.
Most of the aforementioned studies required a finite element model to assist in the damage detection procedures. The actual modal parameters determined from the experimental modal analysis conducted on the actual structure are commonly employed in the calibration of the modal parameters in the finite element model. However, to obtain reliable modal parameters either from the finite element model or from the actual model, it is necessary to understand and establish the variability of modal parameters due to factors affecting them. This paper presents an investigation on the level of influence of several factors on the natural frequencies in a prestressed concrete panel. The factors under investigation are the size of element used in the finite element model, the dimension of the actual structural element, and the prestressing force applied in the panel. Parametric studies have been carried out to study the influence of these factors on the computed natural frequencies. For verification purposes, an actual prestressed concrete panel is casted in the laboratory and a modal test has been carried out. The first four natural frequencies of the prestressed concrete panel are measured. The recorded natural frequencies are used to verify the natural frequencies obtained from the finite element model in the parametric study.
2.0 METHODOLOGY

Finite Element Model
The finite element model of a simply supported prestressed concrete panel was modelled using the Structural Dynamics Toolbox (SDT) that ran on MATLAB platform. The panel has a length of 2.7 metre, breadth of 0.7 metre, and thickness of 0.2 metre. To idealise the simple supports, all displacements were restrained along the global coordinate axis. The simple supports were located at 0.075 metre from both ends. There were a total of 333 nodes and 432 elements in the finite element model. Four nodes quadrilateral Mindlin shell elements were used in the model.
In the prestressed concrete panel, there were four units of prestressing strands as shown in Figure 1 . The prestressing strands were idealised using pretensioned elements in SDT. The magnitude of the pretension force applied in the strands was 71.61 kN. The magnitude of the prestress force was determined from the design computation where 70% of allowable prestressing force was applied. The material properties of the slab for concrete were E = 3. Accelerometers the strands as illustrated in Figure 1 and Figure 2 . Each of the prestressed concrete strands was made of seven low relaxation high carbon steel wires with nominal steel area of 54.84 mm 2 . The breaking load of the prestressing strands was 102.3 kN and the nominal weight was 0.405 kg/m. There was no reinforcement bar other than the prestressed concrete strands. The concrete grade was C50.
Experimental Model and the Modal Test
A modal test was conducted on the prestressed concrete panel to obtain the first four natural frequencies of the structure as depicted in Figure 3 . One of the advantages of using modal testing is that vibrational characteristics are measured and used directly, thus computation of the mass and stiffness of the member is not required [6] . It is a common method of measuring the frequency response function (FRF) between one or more reference degrees of freedom and all the response degrees of freedom of interest. Subsequently, the modal parameters can be determined from the series of FRF.
The general test setup of the modal test is as depicted in Figure 4 . An impact hammer (PCB Model 086D20) was used to excite the prestressed concrete panel. Acceleration responses of the prestressed concrete panel were measured using accelerometers (Kistler Model 8640A50). The responses were acquired using the Muller BBM-PAK through the PAK MK II system. Through the system, data from the time domain were transformed using fast Fourier transform into the frequency domain. The FRF was exported into a post-processing system to extract the modal parameters of interest, which in this study were the natural frequencies. The modal analysis was performed using the FRF imported from PAK MK II system into the software package ME'scopeVES to obtain the first four natural frequencies.
3.0 EXPERIMENTAL VERIFICATION
Based on the finite element model developed, the natural frequencies of the first four mode shapes of the prestressed concrete panel computed were 117.6 Hz, 310.6 Hz, 579.1 Hz and 906.2 Hz. The first four mode shapes of the finite element model are presented in Figure 5 .
From the modal test conducted in the laboratory, the first four measured natural frequencies obtained were 108 Hz, 316 Hz, 574 Hz, and 889 Hz. To verify the computed frequencies, the actual measured frequencies obtained from the modal test of the prestressed concrete panel were employed for comparison. Table  1 tabulates the comparison results of the frequencies. From the table, it shows that the differences between the frequencies of the actual model and the finite element model are small with the maximum difference recorded is less than 9% in all four modes. The difference is calculated based on the actual model. This indicates that the finite element model prepared is valid in further parametric study. The minor discrepancies that are observed in the comparison of the natural frequencies between the finite element model and the actual model may be due to the factors under investigation in this paper. 
4.0 PARAMETRIC STUDY
To investigate the level of influential for the factors considered in this study, three different factors that may give influence to the natural frequencies were conducted in the parametric study. The factors are the effect of element size used in the finite element model, dimension of the structural element, and prestress force applied in the prestressing concrete strands. Dimension in X-axis: 36@75
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Dimension in Y-axis: 50, 6@100, 50
Dimension in X-axis: 54@50
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Element Size in the Finite Element Model
Various researchers utilised different element sizes in the finite element model to discretise or mesh the complete model in their studies [18] [19] [20] [21] . To investigate the importance of the selection of the element size in the finite element model, three element sizes were applied to the prestressed concrete panel model. Hence, there were three different models with different element sizes that were prepared for comparison purposes. The plan views of the three finite element models are as rendered in Figure 6 , Figure 7 , and Figure 8 . For easier description, the models are named as Model A, Model B, and Model C, and the element sizes in the models are as described in the figures. The material properties and the boundary conditions for all the models are as described earlier.
The natural frequencies from the three different models were computed. Table 2 tabulated the natural frequencies and their difference compared to the actual measured natural frequencies. As can be seen from the table, Model A generally gives the least accurate results among the three models. This could be due to the coarse meshing applied in Model A. In comparison between Model B and Model C, Model B provides the natural frequencies closer to the actual panel by taking the average difference of the four modes. Thus, the findings in this section evidence that the element size employed in the numerical model gives significant effect of the modal parameters. Appropriate element size applied in the finite element model is crucial in order to obtain a precise result.
However, it should be noted that using a fine meshing in the finite element model will leads to a large number of elements and therefore a longer computation time and greater computation effort are required. On the other hand, using large element size may cause a localised damage in the structure to be neglected.
Effect of Structural Dimension
The effect of the structural dimension to the natural frequencies in the prestressed concrete panel was demonstrated in this section. Practically, the dimensions of the constructed structure are impossible to comply with the dimensions as stated in the construction drawings especially when concrete works are involved. Hence, in practice, according to British Standard [22] , the ±28 mm tolerances are allowable for in-situ or precast concrete slab. To study the effect of the dimension to the modal parameters, only the changes of thickness were considered in this study.
In this parametric study, the thickness of the panel was varied from 200 mm to 210 mm with every increment of 1 mm. The computed first four frequencies of panels are arranged in the Table 3 . From the table, it is observed that the change of frequencies for every 1 mm is apparent. Thus, the actual dimension of the final constructed element is a very important parameter that affects the modal parameters.
The actual measurements of the dimensions of the actual prestressed concrete panel in the laboratory were collected. There were 28 points of measurements alongside the perimeter of the panel for the measurement of panel thickness. During the measurements on site, the actual panel thickness recorded a range of 195 mm to 210 mm. This indicates that there were discrepancies in the dimensions of the finite element model and the actual model. This may be one of the possible reasons that explains why there were differences in the computed and the measured natural frequencies. Similarly, there were also slight discrepancies in the measurements of the actual breadth and the length of the panel compared to the finite element model.
It is suggested that it is essential to consider the uncertainties as one of the important variations in vibration-based damage detection field to counter for the construction tolerances. 
Effect of prestress force
In this section, the effect of prestress force to the modal parameters was studied. In previous section, the prestress force applied in the finite element model and the laboratory model was taken as approximately 70% of the ultimate breaking load of the prestressing strand. This magnitude is the common magnitude that is applied in practice. As the breaking load of the prestressed concrete strand was 102.3 kN as given by the manufacturer, the recommended prestressing force used in the actual prestressed concrete panel was 71.61 kN.
To study the effect of the prestress force to the natural frequencies, a range of pretension force was assigned to the prestressing strand in the finite element model. The pretension force was applied at 100%, 70%, 50%, 30%, and 10% of the ultimate breaking load. The first four natural frequencies were computed in each prestress force case. The results are presented in Table 4 . From the table, it is clearly evidenced that the prestress force does not give any significant effect to the modal parameters. There is only a minimal change of frequencies values between the modes. This concludes that the prestress force is not a significant factor that contributes to the changes of natural frequencies. In the study conducted by Allbright et al. [6] , prestressing strand and prestressing force are not included in the finite element model as they do not affect the modal frequencies. 
5.0 CONCLUSION
This study was carried out to achieve a better understanding of the levels of influence of several factors affecting the natural frequencies of a prestressed concrete panel. As the natural frequencies are one of the modal parameters that is useful in assessing damage, hence the consideration on factors affecting the modal parameters should be taken into account for more reliable results. In this study, the finite element model was validated with the natural frequencies obtained from the actual model in the laboratory. From the parametric study, element size applied in the finite element model and dimensions of the actual model were found to greatly influence the modal parameters. However, varying the prestress force was found to have insignificant influence to the modal parameters. Thus, understanding and quantifying the variations in modal parameters are very crucial especially in practical applications. It is also suggested that the effects of uncertainties due to the finite element model and the measurements are essential in the structural damage detection.
